Introduction: Glucagon-like peptide-1 (GLP-1) receptor agonists are used successfully in the treatment of patients with type 2 diabetes as they are associated with low hypoglycemia rates, weight loss and improved glycemic control. This study compared, in the Spanish setting, the cost-effectiveness of liraglutide 1.8 mg versus lixisenatide 20 lg, both GLP-1 receptor agonists, for patients with type 2 diabetes who had not achieved glycemic control targets on metformin monotherapy. Methods: The IMS CORE Diabetes Model was used to project clinical outcomes and costs,
expressed in 2015 Euros, over patient lifetimes. Baseline cohort data and treatment effects were taken from the 26-week, open-label LIRA-LIXI TM trial (NCT01973231). Treatment and management costs of diabetes-related complications were retrieved from published sources and databases. Future benefits and costs were discounted by 3% annually. Sensitivity analyses were conducted.
Results:
Compared with lixisenatide 20 lg, liraglutide 1.8 mg was associated with higher life expectancy (14.42 vs. 14.29 years), higher quality-adjusted life expectancy [9.40 versus 9.26 quality-adjusted life years (QALYs)] and a reduced incidence of diabetes-related complications. Higher acquisition costs resulted in higher total costs for liraglutide 1.8 mg (EUR 42,689) than for lixisenatide 20 lg (EUR 42,143), but these were partly offset by reduced costs of treating diabetes-related complications (EUR 29,613 vs. EUR 30, 636) . Projected clinical outcomes and costs resulted in an incremental cost-effectiveness ratio of EUR 4113 per QALY gained for liraglutide 1.8 mg versus lixisenatide 20 lg. Conclusions: Long-term projections in the Spanish setting suggest that liraglutide 1.8 mg is likely to be cost-effective compared with lixisenatide 20 lg in type 2 diabetes patients who have not achieved glycemic control targets on metformin monotherapy. Liraglutide 1.8 mg presents a clinically and economically attractive treatment option in the Spanish setting.
INTRODUCTION
The International Diabetes Federation estimated the prevalence of diabetes mellitus in Spain to be approximately 10.4%, with around 3.6 million adults diagnosed with diabetes and 1.3 million undiagnosed in 2015 [1] . The disease is a considerable burden on Spanish patients and, in 2015, diabetes mellitus was ranked eighth among causes for disability-adjusted life-years in Spain [2] . Patients with diabetes are often affected by multiple morbidities, including foot ulcer, cardiovascular disease or renal failure [3] [4] [5] . Diabetes also causes considerable costs to the Spanish Healthcare System and economy. In 2009, diabetes-related costs accounted for 8% of all healthcare system expenditures, with EUR 5.1 billion in direct costs and EUR 2.8 billion in lost labor productivity [6] . A study in the Catalonia region estimated that, in 2011, annual direct medical costs for a patient with type 2 diabetes were EUR 3110, compared with EUR 1803 for a patient without diabetes [7] . Extrapolating these results to all of Spain and assuming a prevalence of 7.8%, the authors estimated yearly direct costs of type 2 diabetes to be around EUR 10 billion.
The clinical and economic burden imposed by diabetes can be reduced if patients are treated effectively, i.e. if they meet glycemic targets to reduce the risk of micro-and macrovascular complications [8] [9] [10] . In line with other guidelines, Spanish treatment guidelines recommend glycated hemoglobin (HbA1c) target levels of \6.5% (47.5 mmol/mol) if patients are newly diagnosed with type 2 diabetes, younger than 70 years and without diabetes-related complications, and \7.5% (58.5 mmol/mol) otherwise [11] . However, only 32 and 68% of Spanish patients are reaching HbA1c levels of \6.5% (47.5 mmol/mol) and \7.5% (58.5 mmol/mol), respectively, and only 55% of patients are adequately controlled with respect to individualized glycemic targets [12] . In Catalonia, between 2007 and 2013 the percentages of patients who reached an HbA1c value of B7% (53 mmol/mol) ranged between 52 and 56% but did not notably increase over time [13] .
The Spanish Diabetes Society recommends the use of metformin as the first-line pharmaceutical therapy for patients with type 2 diabetes and an HbA1c level of B8.5% (69.4 mmol/mol) [11] . If treatment targets are not met within 3 months, second-line treatments should be added. Glucagon-like peptide-1 (GLP-1) receptor agonists are attractive second-line treatments as they lead to improved glycemic control and weight loss and are associated with a low risk of hypoglycemia [14] [15] [16] . Several GLP-1 receptor agonists, including liraglutide (1.2 mg or 1.8 mg), lixisenatide (10 lg or 20 lg once daily), exenatide (5 lg or 10 lg twice daily) and exenatide once weekly, have already been prescribed to Spanish patients, mostly in specialized diabetes care settings [17] . Both 1.2 mg and 1.8 mg doses of liraglutide have been shown to be cost-effective from a Spanish healthcare payer perspective when compared with the dipeptidyl peptidase-4 (DPP-4) inhibitor sitagliptin in patients who are unresponsive to metformin monotherapy [18, 19] . In addition, the ability of liraglutide to reduce HbA1c and weight was demonstrated in real-world clinical practice in Spain [20] . However, no studies comparing the cost-effectiveness of liraglutide versus lixisenatide in the Spanish setting have been published to date. The recent publication of the LIRA-LIXI TM trial has provided high-quality data which allows comparison of the long-term cost-effectiveness of liraglutide 1.8 mg with lixisenatide 20 lg, both administered once daily, in the Spanish setting for treatment of patients with type 2 diabetes who failed to achieve glycemic control on metformin monotherapy [21] .
METHODS

Model Description
The IMS CORE Diabetes Model (IMS Health, Basel, Switzerland) was used to evaluate long-term outcomes. The model is a policy analysis tool that allows estimation of clinical and cost trajectories of patients with diabetes over longer time horizons than are feasible in clinical trials. It has been successfully validated against published data from clinical and epidemiological studies on initial publication in 2003 and following a series of updates in 2014 [22] [23] [24] [25, 26] . Future costs and benefits were discounted at 3% annually, as per recommendations for Spain [26] .
Simulated Cohort and Treatment Effects
The LIRA-LIXI TM trial (NCT01973231) provided the baseline cohort characteristics and treatment effects modeled in the analysis. The trial was a 26-week, open-label study in nine European countries that enrolled 404 adults with type 2 diabetes who had failed to meet glycemic targets on metformin monotherapy [21] . Study participants were randomly allocated in equal numbers to therapy with liraglutide 1.8 mg or therapy with lixisenatide 20 lg, both to be administered once daily.
At baseline, the cohort had a mean age of 56. , with a mean glycated hemoglobin (HbA1c) of 8.4% (SD 0.8%) and a mean diabetes duration of 6.4 (SD 5.1) years. The LIRA-LIXI TM trial data did not provide data on smoking and alcohol consumption so these were retrieved from external population data sources for Spain [27, 28] .
After 26 weeks, liraglutide 1.8 mg was associated with a larger decrease in HbA1c (-1.83%) than lixisenatide 20 lg (-1.21%), with an HbA1c difference of -0.62% (95% confidence interval -0.80 to -0.44%, p\0.0001) ( Table 1 ). Glycemic targets of HbA1c of \7.0% and HbA1c of B6.5% were achieved by a statistically significantly larger proportion (p\0.0001 for all targets) of patients receiving liraglutide 1.8 mg compared with patients receiving lixisenatide 20 lg, but no statistically significant differences between treatments were observed for changes in BMI, lipid profile, blood pressure or the number of hypoglycemic episodes (Table 1 ). Outcomes at the end of the trial were used in the analysis as first-year treatment effects of initiating GLP-1 receptor agonists. After the first year, the analysis assumed that HbA1c and systolic blood pressure followed natural progression algorithms based on the United Kingdom Prospective Diabetes Study (UKPDS) and that serum lipids followed progression equations based on the Framingham Heart Study. During GLP-1 receptor agonist treatment, BMI was assumed to remain constant before returning to baseline level on treatment intensification.
The simulated cohort of patients received GLP-1 receptor agonists for 3 years. A 3-year period was chosen based on the results of the LEADER trial which reported a mean time of exposure to liraglutide of 3.1 years [29] . After 3 years and for the rest of the simulation, patients were treated with insulin glargine. This assumption is consistent with previous cost-effectiveness analyses of GLP-1 receptor agonists [30] . Both the timing of the switch and the type of insulin switched to were varied in sensitivity analyses.
Costs and Utilities
Costs were accounted in 2015 Euros (EUR) from the Spanish National Health System payer perspective. Annual treatment costs were based on published wholesale acquisition prices and included the costs of GLP-1 receptor agonists and the needles needed for their injection, of concomitant metformin therapy and of self-monitoring of blood glucose testing, which was assumed to be three tests per week in both arms of the analysis. Costs of treating diabetes-related complications were identified from literature reviews and Spanish databases and were inflated to 2015 prices using the consumer price index for health [31] [32] [33] [34] [35] [36] [37] [38] [39] . Diabetes and its complications affect the quality of life, and this was captured by applying published event disutilities in the year when the complication occurred and published state utilities in all subsequent years [40] [41] [42] [43] . All values have been used in published cost-effectiveness analyses of liraglutide [19, 44, 45] .
Projection of quality-adjusted life expectancy [measured in quality-adjusted life years (QALYs)] is used widely in cost-effectiveness analyses and is accepted as a useful, relevant metric for decision-makers and payers, although this approach is not without its limitations [46, 47] .
Sensitivity Analyses
A number of sensitivity analyses were conducted as part of this study, in line with published recommendations [26] . The time horizon was reduced to 10 and 20 years to assess the impact of varying the time horizon on health economic outcomes. The impact of discounting was evaluated by conducting analyses with discount rates that varied between 0 and 5%. Key drivers of clinical outcomes were identified by individually setting differences in clinical parameters (e.g. HbA1c, BMI or hypoglycemic event rates) between treatment arms to zero. An additional analysis set all clinical parameters equal to their values in the lixisenatide arm, except for the statistically significant difference in HbA1c in the liraglutide arm.
Several analyses were performed to evaluate the impact of alternative treatment-switching options as patients treated with GLP-1 receptor agonist therapy will eventually require insulin. First, in both arms treatment was switched to insulin glargine only after 5 years of GLP-1 receptor agonist therapy, which approximated the upper observation time limit in the LEADER Over-or underestimation of direct costs of diabetes-related complications might also influence results. Therefore, the analysis was conducted with costs increased and decreased by 10%, respectively. A further sensitivity analysis was performed using an updated version of the IMS CORE Diabetes Model, which was released in 2014 and incorporates data from the UKPDS 82 study. The model proprietors recommend that this version is used only for sensitivity analyses and the previous version is used for the base case [25] .
Probabilistic sensitivity analysis (PSA) was performed using a second-order Monte Carlo approach. Transition probabilities (sampled based on regression co-efficients), utilities (beta distributions) direct costs (log-normal distributions), treatment effects (beta distributions) and cohort characteristics (normal distributions) were sampled. One thousand cohorts of 1000 patients were simulated in the PSA and used to generate cost-effectiveness scatterplots and acceptability curves which were used to analyze the probability that a treatment may be cost-effective over a range of willingness to pay thresholds. No fixed willingness to pay threshold exists in Spain but earlier studies have used thresholds of between EUR 20,000 and EUR 30,000 per QALY gained [48, 49] .
Compliance with Ethics Guidelines
This article does not contain any new studies of human or animal subjects performed by any of the authors.
RESULTS
Base Case Analysis
Liraglutide 1.8 mg was associated with improved discounted life expectancy (by 0.12 years) and discounted quality-adjusted life expectancy (by 0.13 QALYs) compared with lixisenatide 20 lg in patients with type 2 diabetes failing metformin monotherapy (Table 1 ). Patients receiving liraglutide 1.8 mg benefitted from a reduced cumulative incidence of diabetes-related complications over their lifetimes (Fig. 1) . When diabetes-related complications occurred, they occurred, on average, 0.35 years later in patients treated with liraglutide
Treatment with liraglutide 1.8 mg was associated with higher direct costs over patient lifetimes, with a mean difference of EUR 545 per patient (Fig. 2 ). Higher treatment costs over the first 3 years of the analysis were responsible for the higher overall costs of liraglutide 1.8 mg.
Lower costs of treatment of diabetes-related complications, however, partly offset the higher pharmacy costs. Liraglutide 1.8 mg notably reduced costs of treating diabetic foot complications compared with lixisenatide 20 lg, with mean cost savings of EUR 641 per patient.
Combining clinical and economic results generated incremental cost-effectiveness ratios (ICERs) of EUR 4493 per life-year gained and EUR 4113 per QALY gained for liraglutide 1.8 mg versus lixisenatide 20 lg (Table 2) .
Sensitivity Analyses
Sensitivity analyses showed that variation in the time horizon, the timing of the switch from GLP-1 receptor agonist treatment to insulin, the use of a 7.5% HbA1c threshold to trigger the switch to insulin and the difference in HbA1c between the treatment arms had the greatest impact on cost-effectiveness outcomes (Table 3) .
When shorter time horizons were used, ICERs increased to EUR 17,130 and EUR 5104 per QALY gained for 10-and 20-year horizons, respectively. Shorter time horizons did not capture fully the long-term clinical benefits of liraglutide 1.8 mg, thereby resulting in increased ICERs. The ICER decreased when current and future benefits and costs were discounted at 0% per annum. In contrast, the ICER increased when future benefits and costs were discounted more heavily at a discount rate of 5% annually. When only the statistically significant difference in HbA1c between treatment arms was retained, with all other between-treatment differences set to zero, the ICER was EUR 6009 per QALY gained.
Switching to insulin glargine after 5 years increased the ICER to EUR 10,549 per QALY gained. The ICER also increased when treatment was switched to insulin glargine asymmetrically after an HbA1c threshold of 7.5% was exceeded. The threshold was exceeded after 4 years of liraglutide 1.8 mg therapy and 2 years of lixisenatide 20 lg therapy. When patients switched to NPH insulin instead of insulin glargine after 3 years, treatment costs in both arms fell and the ICER decreased slightly relative to the base case.
Increasing the costs of diabetes-related complications by 10% decreased the ICER to EUR 3342 per QALY gained, as the higher number of complications avoided resulted in larger avoided costs in the liraglutide 1.8 mg arm compared with the lixisenatide 20 lg arm. Conversely, a 10% decrease in diabetes-related costs increased the ICER to EUR 4885 per QALY gained.
Using the alternative UKPDS equations decreased the difference in quality-adjusted life expectancy between treatments and reduced the cost offsets of complications avoided with liraglutide 1.8 mg more than those of lixisenatide 20 lg, resulting in an ICER of EUR 5712 per QALY gained.
The probabilistic sensitivity analysis indicated a 74.2% probability that liraglutide 1.8 mg would be considered cost-effective versus lixisenatide 20 lg at a willingness-to-pay threshold of EUR 20,000 per QALY gained. At a willingness-to-pay threshold of EUR 30,000 per QALY gained, the probability increased to 75.5% (Fig. 3) .
DISCUSSION
The present analysis showed that patients with type 2 diabetes failing metformin monotherapy were likely to benefit from improved long-term clinical outcomes when treated with liraglutide 1.8 mg compared with lixisenatide 20 lg. Improved glycemic control with liraglutide 1.8 mg resulted in fewer diabetes-related complications, and improved life expectancy and quality-adjusted life expectancy. While liraglutide 1.8 mg treatment was associated with increased direct costs compared with lixisenatide 20 lg, lower costs of treating complications partly offset the higher acquisition costs. Combining clinical and economic outcomes yielded an ICER of EUR 4113 per QALY gained for liraglutide 1.8 mg versus lixisenatide 20 lg. This ICER falls well below the willingness-to-pay The improved glycemic control associated with liraglutide 1.8 mg compared with lixisenatide 20 lg in the LIRA-LIXI TM trial was the key driver of the long-term benefit of liraglutide 1.8 mg. Sensitivity analyses showed that the ICER would increase to EUR 37,282 per QALY gained if the HbA1c difference between the two treatments were to be abolished. Additional sensitivity analyses indicated that results were robust to changes in modeling assumptions and input parameters, with no ICER higher than EUR 17,130 per QALY gained reported. As the benefits of liraglutide 1.8 mg accrue over patient lifetimes, a long-term perspective was found to be important. The 1.83% (20 mmol/mol) decrease in HbA1c observed with liraglutide 1.8 mg in the LIRA-LIXI TM trial was higher than the average decrease of 1.15% calculated in a meta-analysis of seven clinical trials from the liraglutide clinical trial program [50] . However, the effect of lixisenatide 20 lg on HbA1c was also greater than observed previously. The LIRA-LIXI TM trial identified a reduction in HbA1c of 1.21% with lixisenatide 20 lg, while the lixisenatide trial program identified reductions of between 0.8 and 0.9% [51] . It is currently unclear why glycemic control improved to a greater extent in both arms of the LIRA-LIXI TM trial compared with earlier studies. Multifactorial treatments of type 2 diabetes target both glycemic control and other risk factors for diabetes-related complications, including hypertension or dyslipidemia. Several studies, particularly the Steno-2 and ADDITION trials, have compared the effects of multifactorial and conventional treatment approaches on risk factors and rates of diabetes-related complications [52, 53] . Multifactorial treatment was associated with reduced aortic stiffness over 6.2 years of follow-up, with a decreased risk of modeled cardiovascular disease, decreased risks of all-cause and cardiovascular mortality, autonomic neuropathy, nephropathy and retinopathy, and a median gain of 7.9 life-years over a follow-up of 21.2 years [10, [54] [55] [56] .
As GLP-1 receptors are present in a number of tissues throughout the body, GLP-1 receptor agonists have numerous physiological effects, including inhibited glucagon release, glucose-dependent stimulation of insulin secretion and delayed gastric emptying, which makes them well suited as a multifactorial treatment for diabetes [14, 15] . Liraglutide was also associated with statistically significant reductions in nephropathy, cardiovascular disease risk and death from any cause compared with placebo treatment in the LEADER trial [29] . A similar trial that compared lixisenatide 20 lg with placebo [Evaluation of Lixisenatide in Acute Coronary Syndrome (ELIXA) trial] did not find statistically significant differences between the treatment and control arms for the primary endpoint of death from cardiovascular causes, nonfatal stroke, nonfatal myocardial infarction or unstable angina over a mean follow-up of 25 months [57] . While further trials on the long-term cardiovascular effects of GLP-1 receptor agonists are necessary, the early evidence now available suggests that liraglutide has a protective cardiovascular effect while lixisenatide has a neutral cardiovascular risk profile. The effect of Fig. 3 Cost-effectiveness acceptability curve. Probabilities that liraglutide 1.8 mg was considered to be cost-effective were 74.2, 75.5 and 78.2% at willingness-to-pay thresholds of EUR 20,000, EUR 30,000 and EUR 50,000 per quality-adjusted life year (QALY) gained, respectively. EUR 2015 Euros exclusion of this potential benefit in the present analysis was likely to be conservative.
Results from randomized controlled trials suggest that liraglutide 1.8 mg is more effective in reaching glycemic targets than other GLP-1 receptor agonists or DPP-4 inhibitors, including exenatide once weekly, exenatide twice daily or sitagliptin [58] [59] [60] . In addition, the clinical effectiveness and cost-effectiveness of both liraglutide 1.2 mg and liraglutide 1.8 mg, compared with sitagliptin, have been demonstrated in Spain [18] [19] [20] . The present analysis suggests that liraglutide 1.8 mg was also cost-effective compared with lixisenatide 20 lg in the Spanish setting. These data further suggest that liraglutide 1.8 mg, and GLP-1 receptor agonists in general, may well represent clinically and economically valuable treatment options for many patients in Spain [17, 61] . The present cost-effectiveness study compared two of the treatment options available to Spanish patients, based on recently available, high-quality trial data, to provide timely information for patients, physicians and decision-makers in the Spanish setting. A full cost-effectiveness analysis comparing all treatment options for patients not achieving glycemic control on metformin monotherapy, which was beyond the scope of this study, might be conducted in the future and combine evidence from this and earlier studies.
The present analysis is possibly limited by the use of short-term clinical trial data to project long-term outcomes, a limitation faced by many cost-effectiveness analyses. Using a published and validated diabetes model accepted by reimbursement authorities worldwide likely minimized the effect of using short-term data. However, modeling studies based on short-term data can be a valuable resource to decision-makers in the absence of long-term data.
The open-label design of the LIRA-LIXI TM trial may be a second limitation, which was unavoidable given the different titration protocols of liraglutide 1.8 mg and lixisenatide 20 lg. It is conceivable that knowledge about which drug was assigned to a patient affected expectations with regard to medication results, adherence to medication or lifestyle recommendations, as well as reporting or assessment of adverse events. The impact of such biases, if any, is difficult to assess. A further limitation may be that the LIRA-LIXI TM trial did not include participants from Spain, possibly limiting the generalizability of trial results to the Spanish setting. While this possibility needs to be acknowledged, it was considered likely that the LIRA-LIXI TM trial results are generalizable to Spain and, therefore, that the conclusions of the present analysis are valid. The trial interventions were judged to be as feasible, acceptable and able to achieve broad coverage in Spain as they were in the trial countries (including Italy, France and Germany), thereby fulfilling an important set of generalizability criteria [62] . In addition, in the absence of other efficacy data specific to Spain, Spanish health economic guidelines recommend the use of trials with high internal validity, to be combined with cost data specific to the Spanish setting, as was done in this analysis [28] . If efficacy data for Spain become available in the future, the present analysis could be replicated with those new data.
CONCLUSION
This cost-effectiveness analysis showed that the improved clinical outcomes associated with liraglutide 1.8 mg compared with lixisenatide 20 lg are likely to result in improved life expectancy and quality-adjusted life expectancy. Patients treated with liraglutide 1.8 mg benefitted in particular from reduced levels of HbA1c compared with patients treated with lixisenatide 20 lg. The clinical benefits associated with liraglutide 1.8 mg came at an increased cost for Spanish healthcare payers, as acquisition costs of liraglutide 1.8 mg were higher than for lixisenatide 20 lg, although the reduced incidence, and therefore treatment costs, of diabetes-related complications partially offset higher acquisition costs. Liraglutide 1.8 mg was associated with an incremental cost-effectiveness ratio of EUR 4113 per QALY gained versus lixisenatide 20 lg. In the Spanish setting, liraglutide 1.8 mg, compared with lixisenatide 20 lg, is likely to be considered a cost-effective add-on to metformin in patients with type 2 diabetes who had not achieved glycemic control targets on metformin monotherapy.
ACKNOWLEDGEMENTS
Sponsorship and article processing charges for this study were funded by Novo Nordisk A/S, Søborg, Denmark. All named authors meet the International Committee of Medical Journal Editors (ICMJE) criteria for authorship for this manuscript, take responsibility for the integrity of the work as a whole and have given final approval to the version to be published. All authors had full access to all of the data in this study and take complete responsibility for the integrity of the data and accuracy of the data analysis. 
